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Further work was done on the reversible ageing ccmented on previously.
CX life on a srmple of ASC plant Whetlerite at 80-80 and 6 cm. bed depth was
237 ainutes. After ageing at 80% IqI (room temperature equilibration) and
80C. for 2h hoers, the CX life at 80-80 was 56 miin. Drying this material
at 105C. wid 150'C. for 3 hourA gave 154 minute life in each caue. Moving
air at 28% RH over the 'hetlerite for 18 hours at room temperature and
re-equilibrating at 80% RH gave a life of 129 minut• . Thus very little
activation energy is needed for reversing the state of the Whetlerite and
one wvld guess we are dealing ,!ith a physical change. The amoumt of water
present is essentially the sme in ill cases before testing. A simple
redistribution of the copper chromate wowd be one amjvtr. Fvn long equili-
bration at 80% Ill mte-e no water evaporation can occur leads to a slow rise
in CK life. (Aged life 37 min. equillbratd 24 hours at 80% F1 O rain.,
50 hrs. 45 min., and 120 hre. 51 ain.)

As the Whetlerite CX life is further aged by longer treatment at 809C.
CK life is reduced to that of raw carbon. On drying, CK lives are consider-
ably higher but still are reduced proportioral to the time of ageing.

CO has a considerable affect on CK life even at room temperature. The
sfelt of COz on ageing at 80'C. it considerable and more of what we might
term Opermannt' ageing results. We have not run chrmate analysis on these
yet, but it can be presumed that more reduction occurred.

Mt" tard:

A vide variety of preadsorptl- were made on CWS carbon before mustard
sorption. Mineral oil, cresols, and Drifilm all gave increased desorption
! mustard. M-5 ointment absorbed on CWS carbon from acetone gave a consider.

able Increase in desorption. It is, of course, possible (as usual) that the
oxidizable S used for analysis might be something other than mustard.

COn FI1 NTIIAL
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Attempted high t~eratL. sulfonation of CWS carbons at 150, 200, 250 and
1001C. gave results showing little decrease in Initial desorption rates but
considerably redicod rates later for' 200 and 250OC. sulforatlons. These
my be intereeting enough to check further.

We found that we could get total chlorides by oxidation of. the whole sWples,
and the mustard content on both carbons and ion exrhange resins was checked.
It was found in the latter case that only about 10% of the weight increase
was austard. These materials still show lw desorptlon rates but the initial
OHW concentration is too low to make them of any interest.

Chlorination at 4CDC. had little effect on desorption and the use of pre-
activated carbon after sulfomtion gave very poor results. It wa hoped
that since this mterial has fairly high surface area and considerable
hydrogen that it voutd sulforate.

Dovex Ion ESnslng* Resin No. %5c0 picked up more *HM and it had more
desorption than IR-120. Theie can not be coared on initial "rf' concentrations
since we only have chloride analysis on the latter.

A method of analysis for "Hl' in solution by D83 wa worked out. The ceanen-
tratiom In our water desorption experiments never is high enough for accurate
analysis. A hydrolysis curve was nade. The results were very questionable
below roughly 10 ng./l.

Calculations were meds to show the maximum '1*' concentration obtainable for
the consecutive reactions of desorption and hydrolysis. It was assumed that
both reactions were first order. If the initial concentration of "H' is
taken as that desorbed at very long times, a reasonable firxt order curve
resulted. For most of the system who" fren 10 to 30 gr of H/00 g.
of C were adsorbed, the nexisM ecncentration of OM' would be around 3 ;g./l.
using 1 g. C/200 g. of H 0 and this would be reached in about 40 minutes.
For very high loadings, 1H' concentration would get to 100 mg./1.

COCL IUSI:.

1. The reversible aeinga of ASC Whetlerite is a proceu of low activation
energy and is probably physical rather than chemical.

2. Carbon dioxide, even at room temperature, has a cosderable affect on
C3 life. Ageing, as already noted, it considerably higher in a CO?
atmosphere and though there is reversibility on drying, recovery shows
more "permanuht* ageing results.

3. So-called reversible ageing Is more or lese proportional to permanent
ageing.

4. No good solutions are as yet apparent for the prevention of mustard
desorption from CWS carbon by water.

5. Moat additives to the carbon increase desorption. Chemical treatzents
with Hz or acids will decrease the rate but not sufficiently to be of
suc h interest,

C"ONFIDENTIAL
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RESULTS:

The very large effect of drying after ageing was further Investigated. For
the want of better terms we have called the loss in CX life which is restored
by drying, "reversible ageing" and the rest Opsrmanent aneaing'. It iS desir-
able to understand the Oreversible Wgeing" since it Is, (1) the largest effect,
and (2) though easily restored in a kitchen oven or the like, it may othervise
be the hardest to counteract. At any rate, factors that Infltunce one form
my not influence the other.

The following testa- were made to determine how easily reversible ageing can
be reversed by room temperaturwe drying with partially humid air, what effect
water soluble coponents may have on the agelng, and what effect vory severe
continued ag•ing has.,

The following tables show the results.

In addition, a smwhat similar series was run in which equilibration at 80% RH
was mude with COa, part of this material aged, part redried and CK teNts made
on all three materials.

Plant ASC Whetlerite was used in all these cases.

All the data is summarized in Table VIII. Weights are shown here and this
shows that reversible ageing is not due to water content.

TA V

V-!rCT OF TEMERATURE OF DIMý D A nD.PDS

A sample of plant production ASC vas equilibrated and aged for
24 hars at 80%. The sample was split and dried under varioum
conditions and then re-equilibrated.

(M Life
CR Life in Minutes of 6 ca. Bed Depth sin,

Initial Life 237

Aged 214 hours at 80" 56

Aned 2L hows at 80' and partially dried !n a
2;%--. air stram for 18 hours at room temp. 129

Aged 2. hourw at 80', dried 3 -ous at 105"
and re-equillbrated 15h

Aged 24 hours at 80%, dried 3 noire at 150"
and re-equllibrated 15

C)FtD, 1NTIA1
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TA=I Ii

EFFECT OF LE!Th OF AG3EI TM~ LM -RECOVERY~ OF CK t..7Er- AF=E QRE.YP

Smiples of plant production ASC were equilibrated and aged at
80" for varlous lengths of time. The samples were then split
and ne-half of each was dried for 3 hours at 100 and then
re-equilibrated,

CK Life in Minutes for 6 ca. Bed Depth

CK Life -miumtes

Redreid & Re-.Equl.

Initial 237 -

Aged 80" for 24 hours 56 154

Aged 80" for 48 hours 18 103

Aged 80" for 120 hours 17 74

TAELE 1_1

E.PLJE TO 8o% RH AIR AFTER AGEIN,

A samle of plant production PS was equilibrated at 80%
and then aged 2h hours at 80". After ageing, the sample vas
replaced on equilibrator and 80% F4 air passed through for
varying tims.

CK Life
CK Life in Minutes for 6 ca. Bed Depth min.

Aged 24 hours at 80" 36.6

Aged 24 hours at 80, replaced on equilibrator for 40.2
24 hours

Aged 24 hours at 800, replaced on aquilibrator for L5.0
50 hours

Aged 2h hours at 801, replaced on equilibrator for F
50.6

120 hours
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WIV WATER REDJID

A sample of plant production AS was washed with two liters water
over a period of three hours. (Approximately 10% of the CrO3 wa
washed off). Samle was dried three hours at 150Oand equilibrated.

Cx Life - inrt

Urhed Wulasd

Initial 237 163

Aged 24h uos at 180* 37 12

A sople of plant production ASC was equilibrated at 80% RH
In a CO, atmosphere. The aged slei was sealed while on the
equllbrator and placed in the o*vn.

CK Life In Minutes of 6 ca. Bed Depth

CK Life - Mnute,

Equilibrated with
________ 80% CO,

Initial Life 237 14

Aged 24 hours at 80o 56 19

Aged 24 hours at 80, redrid 3 %our*
at 150", re-equillbrated 154 117

TARLE VI

MI .ELLAN&O)L TESTS

A sasple of plant production ASC was oaked in 12% chronic acid for
30 minutes, drained and dried for 3 hours Pt 150*. Sample was
equilibrated at 80% Ri.

CK Life - Minutes

Initial Life 6 co. depth 253

Aged 24 hoturs at 80* 33

A sample of plant ASC was equilibrated at 97% RF and teited at 97%.

Initial Life cm. 4 ca 88
6 cm 21"
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LAFIL VI I

CK TB. TESTS

The foll•ing tube tests were run at 4.00 ag. CK per liter, 1.56 liters per minuti.
je croeseetion equals 2.77 sq. ca. All tests run at 80-80 R! except where notaA4

1 tests were run on plant production ASC. .,
Mg. CK Net

Bed Equil. Corrected per (3mm Weight
Depth Weight Life Mg. Equil. Change
Ca. n. no___ Weight SQ.

Equilibrated In COz
initial 6 11.2908 144.1 899 79.6 - 225.3
Ae 24 hours at 80* 6 11.2609 18.6 116 10.3 -
Aged 24 or at 80%, Redried 150, 6 11.2070 116.5 727 64.9 " 66.0

and Re-4qllibrated in air.

Ae 80* for 24 hours 6 11.1504 36.6 228 24.5 + 113.8
Age 800 for LB hours 6 11.2697 18.1 113 10.0 -
AVe 80' for 120 hours 6 10.8330 16.7 10L 9.(- -

Ad 8800'for 48 hours, dried 150, Re-equil. 6 11.1539 102.7 641 57.5 - L5.1
Ae 800 for 120 hours, dried 150O,Re-equil. 6 11.1602 73.6 459 41.1 - 115.7

Aged 80" for 24 hours placed in 80% RH
air stream for, 24 hours 6 1103452 40.2 251 22.1 - 64.8

50 hours 6 11.2108 45.0 280 25.0 - 59.7
120 hours 6 11.3703 50.6 316 27.8 - 135.8

Aged 80' for 24 hoers dried at room temp. in
28% RH air stream then re-eqil. to 80 6 11.2502 129.2 8(Y' 71.6 - 110.61

Squil. 97% RI tested 97% RI
Initial 4 7.8200 88.3 551 70.5 - `7.7
Initial 6 11.5194 216.1 1348 117.0 - 91.4

Dipped in 12% chronic acid, dried 150',
Equ/librated Initial 6 12.4351 253.4 1581 127.1 + * 7.C,

Aged 24 hours at 80" S 12.4763 32.o 233 16.3 + 40.8

Aged 2.4 hours at 800, dried 3 hours 1095
Re-equilibrated 6 11.2815 153.6 9<0 8L.9 - 82.8

Aged 24 hours at 300, dried 3 hours 150"
R--equi librated 6 11.3411 15h.0 961 84.7 - 91.5

Equil 80% Initial Life 6 11.1584 237.0 1479 131.8 + 45.8
Aged 80" for 24 hours 6 11.1888 C(.6 347 31.0 + 101.5

Sa•le washed with 2 liters water
Approx. 10% of the Cr removed, dried, equil. 6 11.-5123 1'63.4 1020 88. - 95.3
Aged 24 hours at 80' .11.2358 12.0 75 .7 -

• '.• -
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A. TM'etsent *f CWS Carbon before-Aglorvtion of Mustards

1. CWS carbon was dipped in 20% oleos solution and heated to temperatures
of 150"C., 200C., 25-C., 26O0., and 300C. Samples were then drovrnd
in ice, filtered, and dried overnight in forced draft oven at 150*C.

2. Samples of CWS carbon were placed in a vertical tubular furnace at a
temperature of 4O0OC. and Clj passed over it for 3 hours at 1 1./min.
flow rate.

3. Sples of activator feedstock (devolatilied coal before activating)
were dipped in solutions of oltus and chloreoulfonic acid, heated' to
150T. for 30 minutes, drowned, filtered and dried at 150C. overnight.

4. Samples of CWS carbon were dipped in solutions of M-5 ointment in
acetone and then air dried.

5. Samples of CWS carbon were dipped in Drifilm (General Electric) and
then dried in forced draft oven ovarnight at 105*C.

B. TE ,tment of Oth.er Adsorbents before Ag tlon of Mu•t.ard:

1. Dow Resin No. 5O-0 was dried in oven overnight at 105C. and then
Itightly bottled prior to mustard adsorption.

2. Linde's Molecular Sieves Type 5A was also dried overnight at 105*C.
prior to use with mustard.

3. A sample of Resin IR-120 ws dipped in Na&l solution and dried prior
to adsorption of mustard.

C. Adsorption of Mustard by Various S4mvlee:

1. The same procedure was initiated as reported, I.e.., sample# were plaed
in desiccator over a pool of mustard and the desiccator evacuated by a
water aspirator. The amount of mustird adsorbed was determined by
periodic weighing.

2. A desiccator filled with silica gel and evac•ated by meerns of an oil
vacu-r pimp was used in order to prevmrnt the adsorption of water by
the samples.

D. Use of the DB3 Method for Determination of Mustard in Aqutous Solution:

A sample of CWS carbon which had adsorbed a known amount of mustard was
placed in 4O0 al. of water and agitated. Samples were taken at measured
in*rvals and the total mustard determined by coulostric titration rknd
by a revived procedure using DB3 reagnt. The procedure was as follows:

1. 1 ml. statdard or sample) mixed, heated in boiling wat, r
q ml. DD3 reagent ) for 5 oinutas and then cooled

3 ml. H2 0 in cool water for 2-3 minutes.
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2. Add I ml. acetone and 1 ml. piperidlra and mix.

3. Read at %57 max. on spectraphotomter against distilled water.

4. Run blank using I al. phthalate Instead of sample.

A ?ydrolysIs curve for m"utard was determined by DB3 method by preparing
a known satard of mustard in acetonj and diluting to 1000 ml. Samples
we then taken at meazured intervals and the above DB3 method followed.

E. DetemInation of XAtArd Content by Chloride and Sulfur Pawdvs.s:

Samles of resins and carbons which wer thought to have a known amount
of mstard adsorbed (determined by weight pick-up) were analysed for
C1 and S content.

EF.S0RPTICN OF MM!TAR FROM4 CU.RBN

"(Dipped In 20% Oleum at 150*r.)

CWS Carbon - 2.CO6M g.
Mustard - 0.4649 g. H/C - 23.2

Suple Time H" Desorbed e sorbed

1 30 49,2 10.6
2 60 60.0 12.9
3 90 6T:9 14.6
S120 74.2 16.0
5 150 76.1 16.4
6 180 75.1 16.1
7 260 78.8 17.0
8 280 79.8 17.2
9 340 81.2 17.5
10 400 96.7 20.8
11 460 92.3 19.8
12 490 93.2 20.1
13 I4b5 126.4 27.2
14 1480 125.0 26.9
15 1510 125.3 27.0

• , I. . ::
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TARE I

DESORTI( OF KTRDF FM CARmN

(Dipped in 20% Ole'm at 1500C.)

Cws Carbon - 2.0152 g.
Mostard - 0.6342 g. H/t 31.5

Saple Tim wH11 Devorbed H Desorbed
so. Min. -S t. %

1 30 38.92 6.13
2 90 70.2 11.1
3 120 76.2 12.1
4 180 89.6 14.1
5 240 99.8 15.8
6 1200 155.1 24.5
7 1260 165.4 26.!
8 1320 161.1 25.4

TAPU X

[S)RP_ I ON 2E STARD _ " CAR"

(Dipped In 20% Oleus and Held at 1500C.)

Carbon - 1.6& g.
Wt. addition due - 0.328 g.
to sulforntion

Mmstard - 0.6921 g. H/C - 41.2

Samp1' Time "H" Desorbed WH" Desorbed
No. Min. M. Wt

1 30 66.14 9.6
2 90 66.3 12.5
3 120 97.3 14.0
4 150 98.9 14._3
5 210 108.5 15.7
6 270 11:.j 1
7 330 119.L4 17.

•J HDFNiIA,..
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DESR OC OM (W ARD U3 CM

(Carbon Dipped In 20% 01u. at 200C.)

Carbo - 1.718 g.
Mustard - 0."23 g. H/t 2.8
Wt. addition due - 0.307 9.
to -sulfonatlon

Saple Tim R' Desorbed I Dsorbed

1 30 11.9 2.7
2 50 12.8 2.9
3 80 15.4 3.5
4 110 16.0 3.6
5 1140 18.1 h.tI
6 170 19.0 4.3
7 200 21.7 4.9
8 260 35.3 8.0
9 290 33.5 7.6

10 350 32.9 7.5

t~O~l1N F tTARD . .Xl AR)1

(Carbon Dipped in 20% 014et= at 250'c.)

Carbon - 1.733 a.
Wt. addition due
to sulfanation - 0.313 g.

Mustard - 0.4090 g. H/C - 23.6

Sw1e Tim 9M Desorbed H Desorbad
U M, U. I Wt,.

1 30 7.7 1.88
2 60 11.6 2.83
3 150 15.6 3.81
4 210 16,,1 3.93
5 270 18.2 4.4
6 330 19.0 4.6
7 1320 29.8 7.3
8 1380 31.1 7.6
9 1g40 30.h 7.4

10 1500 30.5 7.4

-A



TAME XIII
. PI•EoW O S FlROM CARB_

(Carbon Dipped in 20% Oletm at 260"C.)

C&"bo - 1.637 g.
At. addition due

to sulfonation - 0.379 g.
Mu4stard - O.4489 g. H/t - 27.5

SOMle Tim "H" Desorbed "Hi" Desorbed

1 30 10.0 2.2
2 120 V6.! 3.6
3 180 17.9 L.O
1 240 19.3 L.3
5 300 21.2 L.7
6 360 22.8 5.1
7 1350 36.8 8.2
3 1h1o 37.5 8.3
9 1470 39.5 8.8

TAILE XIV

1IFSC.RPTI(X OF MUSTARD EM~ CARBM

(Carbon Dipped In 20% Ole¶u Solutionj Heated to O0JC.)

Carbon - 2.0091 g.
Mustard - 0.4720 g. H/t 23.5

Suple Time " Desorbed vH" Desorbed,
NO. mtn -N.- t

1 30 28.5 6.OL
2 60 37.8 8.0
3 120 47.6 10.1
4 150 51.3 10.9

180 . 11.5
6 240 58.3 12.L
7 270 61.2 13.0
8 300 65.7 13.9
9 330 74.8 15.9

10 360 64. 13.8
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TABUE XV

DESDRPTrIO OF MUSTARD FROM CARDON

(CWS Carbon Chlorinated at 4OOC.)

Carbon - 2.0133 g.
Mustard -0.6387 g. H/C - 31.7

Swplg Tim "Hd Devorbed "HI Deorbed

1 30 75.o 11.75
2 90 113.1 17.7
3 120 0h3.5 22.54 150 150.1I 23.5
5 180 153.5 2.l
6 210 161.3 25.3
7 1175 250.1 39.2
8 1205 303.7 47.6

-DESCRPTION OF MUSTARD FRO)M CAR"R

(CWS Carbon Chlorinated at 00C)C.)

Carbon -,2.0090 g.
Mustard 0.5173 g. H/C - 25.8

amPle Tim "H" Desorbed 'H3 DesorbedM". NO 0 _ -dt, -.

1 30 37.1 7.18
2 90 57.5 11.1
3 180 85.7 16.6
S210 87.4• 16.9
5 20 9. 8.
6 270 100 .0 19. L
7 3WO 103.0 19.9
8 360 11l.1 22.1
9 390 119.4 23.1

0 ~
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TrtRL• XVII

DESORPTION OF MUSTARD FROM CAzqWN

(Bker "A* Material Dipped in CiHSO5 )

Baker *A' - 2.1235 g.
MKt ard - O. 115g. H/t 5

Sape Time- Desorbed "H" Desorbed
NO* U& -wt L%
1 30 19.9 17.•2
2 90 '25.1 21.7
3 150 28.' 5 24.8
14 1125 57.5 49.8
5 1105 43,1 7.(.
6 125 53.1 146.3
7 13o5 53.4 46-3
8 1425 52.6 45.5
9 1485 52.2 45.2

10 1605 54.1 i46.8

TAR2 XVIII

D•$omrPT OF WSTARD FROM alRM

(Activator Feed Stock Dipped in 20% Oleum Solution)

Activator Feed Stock - 2.0264 g.
Mutard - 0.16,06 g. H/C - 7.93

Sample Time "H" Desorbed "H" Desorbed
No, Min. N a.. wt,

1 30 I<.7 9.8
2 90 21.6 13.-
3 150 27.14 17.1
4 1120 (-4.8 .40.3
5 11o (1.o.
6 1240 (1.8 ',8.?
7 13U) ((.h UI.L
8 142Q 70.' j L•
9 1480 2 40.710 15ho •, 7 L ,'
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DE ORPTZC OF MXTARD F"

CWS Carbon - 2.0110 g.Mustard - O.ZO5 g.: H/C 11. 9

TmleT "H" Daorbod 9HW Desorbed

1 15 1.4 o.58
2 45 2.3 0.96
3 75 3.1 1.3
4 1o 6.1 2.5
5 135 3.7 1.6
C 165 4.7 2.0
7 195 5.14 2.3
8 225 5.9 2.5
9 1260 2`,3 10.9

10 1290 25.0 10.4
11 1320 27.3 11.3
12 1350 28.3 11.8

i. .
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TAEU XX

.DSORITIO OF M=STARD FRM CWS CARDOW

(Carbon Impregnated with M5 Ointment in Acetone Solution)

Carbon - 1.4402 g.
;M5 - 0.562 g.
Mustard - 0.1602 g. H/C - 11.1

Sample Time "?H" Dt-sorbed wH" Delorbed
No. . .t.

1 30 22.8 14.2
2 90 40.5 25.3
3 150 52.7 32.9
S210 42.9 26.8
5 1200 103.9 89.8
6 1264 107.8 92.3
7 1320 147.4 92.1
8 135o0 1h.7 91.0

DESCPTIc_ OF Mt.-TA.RD FROM CWS CARDON

(Carbon Impregated with M5 Ointment in 50% Acetone Solution)

Carbon - 2.DC07 g.
x.,5 - .70o42 g.
Mustard - 0.2787 g. H/C - 13.9

Sample Tine "H" Desorbed "HO Desorbed
NO. 'Min,.. St '41t. %

1 30 35.2 12.6
2 90 78.1 28.0
3 150 92.6 33.2
S210 116.5 LI.7
5 1200 242.6 87.0
6 1260 243.2 87.2
7 1320 2W0.0 86.2
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.TAEU XXII

IQWRPZCN OF ,U(.TAMD OMN CVS CARM.N

(Carbon Dipped in General Electric Drifils 81268)

Carbon - 0.913 g.
Drifila - 1.097 g.
Mustard - o.o• g. H/c - 9.2

Stple Tim WHP Desorbed 1 Desorbed
Jo * PMin.

1 30 19.0 22.6
2 60 22.2 26.
3 90 26.7 31.8
4 120 29.8 35.5
5 150 31.3 37.3
6 180 33.6 39.8
7 210 36.5 h3.2
8 3630 58.9 70.0
9 3660 47.6 56.6
10 3690 56.7 67.5
11 3750 61.4b 73.2
12 3910 61.8 73.6
13 3870 58.6 69.7

DM oRPTI OF XUTARD. F"O DIOW RESZIN NO, 50-x8

Res!n - 2.0467 g.
Mustard - 0.7159 g. H/R * 35.0

Sawle Time *H" Desorbed "HO' Desorbed
No. MIn_. MR. lit. a

1 30 7.3 1.0
2 60 9.3 1.3
3 90 12.3 1.7
4 120 14.1 2.0

5 150 16.4 2.3
6 180 19.0 2.7
S2580 82.1 11.4

8 2625 85.3 12.0
9 2655 79.6 11.0

I

Agitation a to-ped for 40 hours

A4I
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TABUE XXIV

DESORPTION OF NMUTARD FR.OM DOW RESIN NO. 5O-x8

Resin - 2.0312 g.
Mustard - 0.2071 g. H/R - 10.2

Sample Time OH' Desorbed OHO Desorbed
No, ___. wt. %

1 30 4.0 1.9
2 90 7.1 3.4
3 150 9.• 9.6
4 210 16.1 7.8
5 1200 44.0 21.3
6 1320 4Lh.1 21.3
7 1380 g9.7 2L.1
8 14o0 47.6 23.0

MORPTIOC OF MUSTARD -FROM )C•,,CAR SI... TYPE 5A

Molecular Siv - 2.0996 g.
Mustard - 0.4171 g. H/R - 19.9

Sa•p1e Time "H' Desorbed "HP Desorbed
No. Mi. ag. Wt.

1 30 23.3 ý.6
2 60 27.1
3 150 2bj. .
4 180 25.7 6.2
5 20o 25.8 6.2
6 300 27.1 6.5
7 360 28.2 6.8
8 1380 31.8 7.6
9 144O 31L, 7.5
10 1500 31.2 7.5
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ZESQRPTIvw MFN~AR 1on ION EXCPGRSI

(IR-120 - Nez Washd)

Resin, - 2.0467 g.
Mustard - 0.2369 g.

Swqp1e Time NH Desorbed "HO DEsorbed

1 30 0.22 0.09
2 60 0.26 0.11
3 120 0.23 0.10
4 15o 0.32 0.13
5 180 0.16 0.07
6 210 0.35 0.15

TABUE W11l

IF.SORPtION OF MUSTARD FROM CS CARBON

Carbon - 2.0073 g.
Mustard -0.7835 g.
H20 - 400• 1.

Sample Time ("H" & "TD0?') Devorbed "H" Desorbed

No. Min. (Couloetric Deter.) (DB3)__mi r m_ lc c,,. ro w m•.'si

1 10 100 3.5
2 20 125 L.0
3 30 164.5 3.0
4 40 17o 5 5.0
5 50 185 7.0
6 60 215 t..o
7 7-) 224t 6.0
8 80 230 7.0
9 90 2U 1.0

Previous run abardoned due to samling Intervals being too large.
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HYMME SI OF N,&TR.RD BY DB3 DETERMMINfTIO•

(0.3317 g./A1 ml. AcotorOw/1000 ml. HZO - 3 al. Altqiwt)

Tins

5 o.818, 172 57.3

10 0.S 40 113 51.5

15 0.383 80 26.7

20 O.256 54 18.O
25 0o.21z7 45 02o

30 0.339 ?7 2h. 7

o0.228 48 16.0

45 0.171 36 12.0

55 0.116 2a 8.0

60 o.o95 20 6.7

S0.088 16.5 6.2

70 o.0o6 22 7.3

750.092 19 6.14

85 o0o66 14 4.7

90 0.065 13.• 5.5

1o0 0.06o8 14.5 4.8

120 o.o66 14 4.7

-. ' ~'
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TABLE XXIX

DETER1N•IATION OF METARD COMNT

ON

CI Anlysis Sulfur Weight Pickup

(1) Resin IR-120 0.0133 g. , O.114 g.

(2) Resln IR-120 0.0211 g. 0.139 g.

(3) CWS Carbon 0. 148 g. 0.117 g. 0.22h g.

(4) CWS Carbon 0--369 g. 0.347 g. 0.35 g.
(Mioronined)

Sumples (1), (2), and (3) - Adsorption conJduted over wustard In a desiccator
evacuated by water aspirator.

Smawle (4) - Adsorption conducted over itard and silica gel
In a desiccator evauated by vacuum p'p.

(",a •. iir•.
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ASC Vhet~lerite:

Since drying materlal, agd at 80-., 24 hours at 80% RH (RT), was reactivated
by essentially the same maount by drying at 150'C., 105-C. and RT with 28% RH
air, one would conclude that this reversible effect ie due to a physical,
rather than a chemaloal, phenm•na. At least the activation energy must be
quite low. Since chrote in apparently harder to leach (this Is based on
the reasoning that it Is vory difficult to oxidize lover forms of Cr ion to
Cr*6) the first thought is that some kind of pore pluging results. This
my or my not be due to forwation of small amounts of hydrated Cr'3 Ion.
Intermediate drying destroys the crust or gel allowing better penetration.
Roon teqmerstue dring is not very effective on Cr*3 hydrates And consider-
able doubt is thrown on this explanatlon. Precipitation of salts soluble
at high teqprature and insoluble at low, might offer an explanation. This
effect would be much less dependent on the time at the high temperature.
The permanent ageing which we will label as due to Cr+" reduction is in
part proportional to the reversible aging and a combination of the above
effects night be responsible.

The effect of CO2 ageing even at room temperature Is very pronounced and
Is not as reversible (at least after high temperature ageing). We shall.
invastigate this further.

Must~rd:

While the IR-120 cation exchange resin still holds mustard apparently
Irreversibly, it has been established that mustard pick-up Is considerabiy
lower than previously thouht so the' results are not of direct practiti
value.

Attempted sulfonutIon of activated carbon gave rather peculiar results.
Tests on ion exchange capacity Vill be run to determine an explanation of
the apparent mxiim effect on sulfonating at 200 or 2500C. Initial mustard
desorption rates are the same which may be due to stolchiometric effect2
(i.e., too high au, RHO to S03H). As it stands we have not got any good
leads to producing irreversible adsorption of "HN.

Attempts at armlyzing for mustard u such in water by DB3 coloimetrici analysis
gave little of value except that " was never present in reasonable qumntitles.
For this reason a series of calculations were made to predict O"H build-Up.
It was found that log Co vs. 1tr plots wre straight lines if a Co value
were picked as that possible to desorb by extrapolation of the deoorption
curves. In order to simplify this somevhat,all the desorptioni were assumed
first order and half lives were picked to be 1/2 the as•u"cd CG (crncentration
of H desorbed at finite times at the end of the desorption curve, usually
3000 minutes or more).

Thus
Carbon (C1C2H 4 )2 S K (ClCZH 4 )•S quOSi- HO (HOCaH4)•S

.K- a znd
t t/i.
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The equation as developed by Glasstone and ot.hers for the maximum concentra-
tion of B in A -ýB-7C in consecutive first order reactions lo:

CB max. - A ()

and for the time at maximun CD

t a. In

KI-K2

where A - Co or initial concentration of A

'To further sioplify the calculations, K, ums calculated for a series of half
lives from 50 minutes to 1000 minutes. In general, half lives wre of the
order of 400 mfnutes Wsuing Co oe A as0above.

TABlLE XXX

CAUC UUtTIS FO MXMZ J.WTARD COWENTRATIO

Nomiral H/C used Co or A t 1/2 t max. C *H9 (max.)
Adsorbent ý2stez H/ nfrC 1.l l. xn sl

CWS Carbon 31 6.8 670 750 4? 5.e
CWS Carbon 27.4 6.9 336 550 48 3.4
CWS Carbon 25 8.0 205 500 44 2.1
CUS Carbon mlcropulverize.4  22 5.1 250 4j50 3 2.9
CWS Carbon micropulveri od 21.4 5.3 268 420 42 3.2
CWS Carbon H, treataent "00 28.7 4.6 233 34O LO 2.9
CWS CarLtn 10% Acetic Acid 14 3.5 87 1000 50 0.6
CWS C~bonl10% ICl 19.)s 1.3 65 500 44.7
C Carbon 10% H1035 17.7 h.1 205 375 4l 2.5
C Carbon + Ferric Oxalate 36.8 12.5 508 240 37 12
C Carbon + WI•03 4i0.2 17.5 850 270 38 17
AX Wlhetlerite 42 20 1000 70 27 77
S10z 10 4 200 • 10 c
CUS Carbon 54 25 1238 70 26 103

The numbers in the above are obviotuly approximations at best and may even
be mitleading. They do show the difficulty in using any chemical method for
determining mustard concentration in the vater layer Wrticularly when the
DB3 method is not sensitive below 10 mg./liter. Since it Is not known what
conctntrations are toxic to the skin and whether there is a threshold concen-
tration, one hesitates to draw any conclusions. It is also true that in case$
such as the sulfonated CWS carbone, tha initial rate of desorption Is consider-
ably higher than later on and the reaction is not first order, except over a
rnrrov range.

REPORT WRITTSN BY:
U?3 S. Fl•ack•

Tecbniical Represantatl,.
ja
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